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CORROSION AND ABRASION RESISTANT 
DECORATIVE COATING 



THE FIELD OF THE INVENTION 

The present invention relates to decorative coatings for articles of manufacture 
such as faucets and related plumbing products including shower heads, escutcheons, tub spouts 
and the like. More specifically, the invention concerns a decorative coating for such a 
product, which is resistant to corrosion, abrasion and attack by chemicals. The invention is 
particularly concerned with such a decorative coating which resists corrosion, a common 
problem in many present day decorative coatings. There are numerous prior art patents which 
disclose the use of zirconium to provide a corrosion resistant brass appearing decorative 
coating. More recently, it has been determined that decorative layers applied by physical 
vapor deposition (PVD) processes, and containing zirconium or hafnium as the only metallic 
species, are unusually and advantageously compared with the decorative layers containing 
other metals because normally they do not degrade the corrosion resistance of the coated 
article. Such layers can be used to extend the range of decorative PVD colors available from 
brass tones alone to black, gray and gold tones. Still more recently, it has been determined 
that the presence of zirconium or hafnium as the sole metallic species in the decorative layer at 
the surface is not a sufficient condition to insure that the corrosion resistance of the coated 
article is not degraded. Some non-brass decorative PVD colors, and specifically the range of 
copper tones, still do not perform acceptably in corrosion testing even when zirconium is 
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substantially the only metal in the PVD layer at the surface. The current invention extends the 
range of colors to include copper. More generally, the current invention can be used to solve a 
common problem of paradox encountered in surface engineering when a layer of material is 
required to fulfill several functions simultaneously and its thickness therefore is subject to 
several different and contradictory constraints. 

SUMMARY OF THE INVENTION 
The present invention relates to articles of manufacture with a decorative coating 
and more specifically to such a coating which is resistant to corrosion, abrasion and attack by 
chemicals. A primary purpose of the invention is to provide a new article of manufacture 
which has a specified decorative color, for example copper, and includes a thin outer transition 
layer in which the composition varies systematically from a first composition to a second 
composition. 

Another purpose is an article of manufacture of the type described in which the 
outer transition layer, together with an underlying color layer, applied by physical vapor 
deposition, can provide different colors, depending upon the specific parameters of the 
deposition process. 

Another purpose is a corrosion resistant article of manufacture of the type 
described, for example, door hardware or a faucet or related plumbing component, having 
enhanced corrosion resistance. 

Another purpose of the invention is to provide a corrosion resistant article of 
manufacture having an exterior transition layer of a first composition and a second composition 
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and in which the first composition has, at least in part, the function of corrosion protection, 
and in which the second composition determines the visible color of the article. 

Other purposes will appear in the ensuing specification, drawings and claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated diagrammatically in the following drawings wherein: 

Fig. 1 is a portion of the article of manufacture disclosed herein; 

Fig. 2 is a diagram showing the composition of the as-deposited transition layer 
and color layer at various material depths; 

Fig. 3 is a diagram similar to Fig. 2 after the layers have been exposed to 
atmosphere; and 

Fig. 4 is a chart showing the results of XPS analysis an article manufactured 
according to Table 1 . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Many household objects, for example faucets and related plumbing products, 
include components which are designed to have both decorative and functional aspects. 
Frequently, such components consist first of a substrate, which establishes the shape and 
mechanical function, and second, of a finish which provides the decorative aspect of the 
article, resistance to corrosion or tarnish, resistance to chemical attack, resistance to abrasion 
or impact, or a combination of these enhancements. Usually the finish consists of a stack of 
one or more layers of material which are thin relative to the dimensions of the substrate. A 
finishing process consists generally of the steps necessary to apply the layers, plus some other 
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intermediate steps in which the surface is cleaned or the surface texture or chemical properties 
are altered by physical or chemical means. 

Until approximately 1980 the most well established decorative finishing 
processes were electroplating and painting with liquid or powder polymer systems. More 
recently new classes of finishing processes have appeared which rely on new technology, 
frequently involving the use of a vacuum chamber or pressure vessel. The list of such modern 
processes includes PVD, CVD, PECVD, ion plating and MOCVD. Physical vapor deposition 
(PVD) is a collective name for a class of processes which have become particularly popular in 
the U.S. in the 1990s for application of a durable, scratch resistant polished brass finish to 
zinc, plastic, steel or brass substrates. U.S. Patent 5,759,677 owned by Moen Incorporated, 
the assignee of the present application, describes one such process for providing a brass 
appearing durable finish on a substrate such as a faucet. U.S. Patents 5,814,415, 5,783,313, 
5,716,721, 5,693,427, 5,667,904, 5,654,108, 5,648,179, 5,641,579, 5,639,564, 5,626,972, 
5,552,233, 5,484,663, 5,482,788, 5,478,660, 5,478,659, 5,476,724 and 5,413,874, owned by 
Baldwin Hardware Corp. of Reading, Pennsylvania, describe a series of processes which are 
focused toward corrosion protection and providing a brass appearing decorative finish for 
various types of hardware products. The specific parameters used in such processes and 
described in the patents are herein incorporated by reference, as they provide technology to 
those skilled relative to the use of PVD processes. 

The above patents describe the use of compounds of zirconium with nitrogen 
and carbon to create a PVD polished brass finish. Commonly the PVD layer furnishes color, 
scratch resistance and resistance to chemical attack. On metallic substrates a separate 
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electroplated layer system commonly is furnished under the PVD layer or layers to provide 
corrosion resistance. The electroplated system usually consists of a standard chrome 
electroplate system and sometimes of a more expensive alternative such as nickel, duplex 
nickel, palladium nickel, tin nickel or nickel boron and tungsten, the details of which are 
5 disclosed in the above-described Baldwin Hardware patents. PVD ZrN polished brass is only 
one member of a very large class of color finishes that can be created using the PVD process 
with one or more metals and process gases containing nitrogen, carbon, hydrogen, argon and 
Jf; oxygen. 

J "I 

Tf\ It has been determined that the ZrN finish is unusual in that it provides 

in 

IQ acceptable corrosion performance when applied to corrosion sensitive substrates such as zinc, 

a 

N : in conjunction with a chrome electroplate corrosion barrier system. It has also been 

rj determined that the use of other metals in the finished decorative layer, such as titanium, 

i y 

y \ aluminum or chromium, will actually degrade the corrosion resistance performance of the 

fees:' 

fU entire coating. More recently, it has been determined that decorative layers applied by PVD 
15 processes and containing zirconium or hafnium as the only metallic species are unusually and 
advantageously compared with decorative layers containing other metals, because normally 
they do not degrade the corrosion resistance of the coated article. Such layers can be used to 
extend the range of decorative PVD colors available from brass tones alone to black, gray and 
gold tones. See U.S. Patent 6,245,435, the disclosure of which is incorporated by reference. 
20 Still more recently, it has been determined that the presence of zirconium or 

hafnium as the sole metallic species in the decorative layer at the surface is not a sufficient 
condition to insure that the corrosion resistance of the coated article is not degraded in certain 
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colors. Some non-brass decorative PVD colors, and specifically the range of copper tones, 
still do not perform acceptably in corrosion testing even when zirconium is substantially the 
only metal in the PVD layer at the surface. The present invention extends the range of colors 
available to include copper. More generally, the present invention can be used to solve a 
5 common problem of paradox encountered in surface engineering when a layer of material is 
required to fulfill several functions simultaneously and its thickness therefore is subject to 
several different and contradictory constraints. 

Fig. 1 is a partial section of an article manufactured in accordance with the 
m present disclosure. The substrate or article to be manufactured is indicated at 10 and 

in 

10 preferably is of a material which is essentially free of surface flaws and porosity. It is 

Cj 

f ~ preferably chosen from the group comprising zinc, aluminum and plastic. 

a 

o 

fT Directly adjacent the substrate 10 is the corrosion protection layer 12 which may 

ru 

Id be one or more layers of copper, nickel and chromium. Such corrosion protection layers are 

Q 

ru well known in the art and there may be one such layer or more. Alternatively, the corrosion 
15 protection layer may be chosen from one of the group comprising nickel; duplex nickel; 
nickel/palladium; nickel, tungsten and boron; or nickel and tin. All of these corrosion 
protection layers are detailed in the prior art referenced above. The particular corrosion 
protection layer may vary, although economics may dictate the use of a conventional copper, 
nickel and chromium layer. The thickness of the layer 12 will vary, depending on the specific 
20 materials that are used. As an example, the combination of cyanide copper, acid copper, 
duplex nickel and chrome should have a minimum thickness of about 35 microns and a 
nominal thickness of about 48 microns. 
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Beneath the outer decorative coating there is a strike or adhesive layer 14 
formed of compounds of Zr and/or Ti. The layer 14 should have a minimum thickness of 
about 0.025 micron and a nominal thickness of about 0.05 micron. 

The color layer 16 provides the desired decorative color and is well described in 
the prior art. The composition of the color layer for a copper color is illustrated in Table 1. 

Superimposed on the color layer 16 is a thin transparent layer 18, which layer 
fulfills at least two functions and in which the composition varies from a first composition to a 
second composition. In an especially advantageous example, a first function of the transition 
layer is to provide acceptable corrosion resistance and a second function is to maintain 
unchanged the color established by the color layer 16. In this example, the first composition is 
preferably pure metal, and, most preferable, pure zirconium as deposited (i.e. prior to release 
of vacuum in the PVD chamber). The second composition is preferably that of the color layer. 
The transition from the first composition to the second composition occurs over a distance of 
about 20-200 A. 

In Table 1 below, recipe 1 discloses a set of PVD deposition conditions for a 
copper colored layer 16, while recipe 2 discloses the deposition conditions for the same copper 
colored layer 16 modified by the addition of a thin transparent layer 18. 

Those skilled in the art of materials science would predict that the composition 
close to the surface of the coated article in the case of recipe 2, prior to exposure to 
atmosphere oxygen, would vary in layers 16 and 18 approximately according to Fig. 2, with 
layer 16 beginning at a depth of about 150 A and the depth from 0-150 A constituting layer 18. 
They would further predict that on exposure to the atmosphere, the surface would be modified 
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by the addition of oxygen due to surface oxidation and by the addition of carbon, also known 
as "adventitious" carbon. The adventitious carbon would be deposited on the original surface 
while the oxygen would be incorporated into the original surface and chemically bound within 
it as well as adsorbed onto it. The original surface composition profile, as illustrated in Fig. 2, 
would then be modified as shown approximately in Fig. 3. 



8 



1 

Example: Table 1 



PVD finishing recipe ti 
(HTC 1500 equipment) 



Color 

(L*, a*, b*) 



65.6, +9.3, +12.0 



64.9, +10.4, +12.2 



Target material 



Zr 



Zr 



Substrate 



Zinc diecast, chrome plated, 
SC2 (ASTMB456) 



Zinc diecast, chrome plated, 
SC2 (ASTMB456) 



Color layer 
Deposition 
parameters 



Time (mins) 



1. Cathode 
current (A) 



2. Acetylene 
flow (seem) 



3. Nitrogen 
flow (seem) 



4. Argon 
flow (seem) 



5. Substrate 
bias (V) 



6. Resulting 
thickness (A) 



25 



24 



120 



120 



43 



43 



400 



400 



800 



800 



15 



15 



3400 



3260 



Transition 

layer 
deposition 
parameters. 
The transition 
is 

accomplished 

smoothly 
over a period 
of 1 minute. 



1. Cathode 
current (A) 



2. Acetylene 
flow (seem) 



3. Nitrogen 
flow (seem) 



4. Argon 
flow (seem) 



5. Substrate 
bias (V) 



None 



At Start 


At Finish 


120 


120 


43 


0 


400 


0 


800 


1200 


15 


70 



Resulting salt spray corrosion 
test results (passes/sample 
size) 

(24 hour A ASS, ASTM 
B117) 



0/20 



20/20 
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In Fig. 4, the results are plotted of a surface analysis study by angle resolved 
XPS of the elemental composition of an actual article manufactured using the PVD recipe 2 in 
the table above. The experimental results demonstrate the existence of the surface structure 
illustrated in Fig. 3. 

Those skilled in the art of thin film manufacture will recognize that thin films 
are generally considered to become "optically dense" that is, likely to interact with visible 
light, at a thickness depending on refractive index, but generally greater than 150 A. Those 
skilled in the art will also recognize that very thin corrosion protection films are known, but 
even gold films for corrosion protection purposes are normally thicker than 200 A. According 
to the prior art therefore, the thin layer 18 would need to be thinner than about 150 A in order 
to avoid an objectionable change in color, but paradoxically this same layer would need to be . 
greater than at least 200 A in order to confer the needed corrosion resistance. This is one 
example of paradox frequently encountered when a thin film is required to fulfill several 
functions simultaneously and the functions impose contradictory constraints on the thickness or 
other features of the film. 

Referring to the actual structure of the thin transition layer as disclosed in Table 
1 and Figs. 3 and 4, it is not surprising, considering its thickness of 150 A, that the added thin 
transition layer 18 has failed to alter the color of the copper color layer 16. It is however, 
quite unexpected that the thin transition layer has entirely eliminated severe corrosion failure. 

Corrosion protection is essentially provided by the surface composition (first 
composition) of essentially pure Zr. A second composition, that of progressively less Zr and 
increased N and C insures that the color imparted by the color layer 16 will not be materially 
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changed. Because of the varying nature of the composition of the transition layer 18, the 
effective position of the boundary between the thin transition layer 18 and the color layer 16 is 
different for optical phenomena and corrosion phenomena. The change in composition of the 
transition layer 18 from essentially pure Zr at the surface to gradually decreasing amounts of 
Zr and increasing amounts of N and C, define what is in essentially two compositions. The 
first composition is adjacent the surface and the second composition is distant from the surface. 
The first composition provides corrosion protection and the second composition insures that the 
overall thickness of the layer is such as to avoid an objectionable change in color from that 
derived from the layer 16. 

The change in the composition of the transition layer 18, as illustrated in Figs. 2 
and 3, may be smooth or gradual or uniform. It may also be on a step-by-step basis. 

Although as disclosed in Figs 2 and 3, and in Table 1, the color of the article of 
manufacture is derived from the color layer 16, and that color is visible at the surface because 
of the nature of the transition layer 18, it is within the scope of the invention for the color to be 
strongly modified from the transition layer 18, and more particularly, from that portion of the 
transition layer beginning at approximately 90 A and extending to 150 A. This would entail a 
chemical makeup different from that disclosed in Figs. 2 and 3, but it is clearly within the 
scope of the present invention. In either event, the function of the second composition in the 
transition layer is to determine the color which is visible at the surface of the article of 
manufacture, whether that color be derived from the layer 16, or from a portion of the 
transition layer 18. It would also be possible to include one or more thin layers up to, say, 400 
A in thickness, of colorless, transparent material, for example, silicon dioxide or aluminum 
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oxide, between layers 16 and 18, without altering the invention disclosed herein. 

In a preferred embodiment of the invention the refractory metal for the 
transition layer is Zr. Ti, Hf, or alloys thereof, are also satisfactory for the transition layer 
because of its nature in having a portion thereof function as corrosion protection and another 
5 portion function to permit the color of the underlying layer 16 to be visible at the surface. 
Further, the metal in the first composition may be a noble metal chosen from the group 
consisting of gold, silver, platinum, platinum group metals or alloys thereof. In addition, 
chromium or stainless steel will also satisfactorily function as the metallic material for the 
transition layer. 

Whereas the preferred form of the invention has been shown and described 
herein, it should be realized that there may be many modifications, substitutions and alterations 
thereto. 
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